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ABSTRACT 
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A method and apparatus for performing an operability test 
on a communicatioas system device such as a cable modem 
is provided. The testing method comprises the steps of 
providing a set of output test data to the communications 
system device being tested, and generating an output signal 
with the device in a manner that is responsive to the output 
test data. In the case of a cable modem, the output signal is 
generated by the modem's modulator. The output signal is 
then provided as an input to a reflective mixer which 
generates a reflected signal in response to the output signal 
and directs it back into the communications system device 
being tested. The communications device can then use the 
reflected signal to generate a set of input test data that can 
be compared to the output test data to check the accuracy of 
the device ^s operation. In the case of a cable modem, the 
reflected signal is demodulated by a demodulator at one or 
more frequencies, and this demodulated data can then be 
compared to the output test data. In one case, the testing 
method is controlled by a computer device running a pro- 
gram of instructions to carry out the aforementioned steps. 
The computer device can send command signals to the 
modulator and the demodulator to place them in a lest mode. 
Within this mode, the computer device can command the 
modulator to generate a particular output signal and com- 
mand the demodulator to demodulate at certain frequencies. 

18 Claims, 11 Drawing Sheets 
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FIG. 9 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to communication systems. 
In particular, the present invention relates to the testing of 
communications system components such as cable modems, 

2. Description of Related Art 

As information becomes increasingly more available on 
communication networks such as a LAN or over the 
Internet, the development of new methods and apparatus for 
sending and receiving this information more quickly 
between communication system users has become an impor- 
tant issue. For instance, one-way and two-way cable 
modems, both intemal and external, based on the Multime- 
dia Cable Network System (MCNS) Data-Over-Cable Inter- 
face Specifications (DOCSIS) standard, are currently avail- 
able to consumers to access data over the Internet at speeds 
far in excess of those previously attainable by standard 
analog telephone modems. An external cable modem is a 
complete, self contained unit which is housed in its own 
enclosure, separate from a personal computer (PC), as 
opposed to an internal cable modem which is designed as a 
peripheral card on a printed circuit board (PCB) inserted into 
a PC. Two-way cable modems receive modulated data from 
a head-end (H/E) controller over a 75 -ohm coaxial cable (the 
same cable found in residential housing) and send back 
upstream data over this same cable to the H/E controller. A 
one-way cable modem receives data from the H/E on a 
75 -ohm cable, but transmits upstream data back to the 
headend using a standard analog telephone modem (i.e. 
28/33/56 kbps). In each case the H/E controller exists to 
serve a number of subscribers to the cable modem service. 

Downstream (D/S) data for all subscribers is interleaved 
in time and continuously transmitted down the cable. The 
downstream data in one instance occupies a 6 MHz wide 40 
channel with a center frequency between 54—850 MHz. Raw 
D/S data rates may range between 30-40 Mbps. However, 
most subscribers will see much less than this since the 
downstream bandwidth needs to be shared with many other 
subscribers as stated earlier. A typical cable plant installation 45 
will have between 500 and 2000 subscribers on a particular 
downstream channel. In addition, there is some degree of 
overhead required for header data and forward error correc- 
tion. This serves to lower the true raw data rate somewhat. 

In the ca.se of D/S data, each cable modem continuously 50 
monitors the D/S channel. When data addressed to a par- 
ticular modem is received, the modem takes appropriate 
action. All other data which is not addressed to that modem 
is ignored. In the case of the two-way cable modem system, 
all replies are transmitted on the upstream (U/S) channel of 55 
the coaxial cable back to the H/E controller. In one instance 
of the typical two-way cable modem system, there is no 
contention (or coUisions) on the D/S channel, because no 
modem ever uses the D/S data channel frequency for U/S 
data. For, in this instance of the system, the U/S data eo 
occupies channels from 200 kHz-3.2 MHz wide in the range 
of 5-42 MHz. Tlie H/E controller is the single system 
component which completely decides what data to what 
modem is sent when on the D/S channel. 

However, in the case of the U/S data channel for a 65 
two-way system with a number of subscribers there are 
many cable modems which must compete with each other in 
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some fashion to send their data back to the H/E controller 
Of course, if two modems try and send data at the same time 
to the H/E controller, a collision can occur. Unlike a typical 
network such as an Ethernet, the individual cable modems 
can not "hear*' (i.e. receive or monitor) data from other cable 
modems. This is due mostly to the one-way transmission 
property of the cable plant (due to directive circuit elements, 
such as power splitters, amplifiers and directional couplers) 
and also due to the large time delays inherent in the cable 
plant due to the large distances involved in the cable routing. 
FIG. 1 shows a diagram of a typical cable plant. The typical 
cable plant includes a headend controller 100 which is 
coupled to the rest of the plant via, in one instance, fiber 
optic cable 110. Data is passed from the headend 100 to the 
cable modems such as modems 1, 2, 3, 4, N, and N+1, via 
a network of combiners such as 2-way combiners 115, and 
4-way combiners 120. Similarly, in a two-way system, data 
is passed from the cable modems to the headend 100 over 
the same network. Additionally, in some existing cable 
modem plants, the U/S data is split-oflf from the cable at the 
fiber 110 junction. 

Therefore, it is up to the H/E controller to decide which 
subscriber modem sends U/S data at what time. In one 
instance this is done by using a system of mini-slot time 
increments of around 6.25 use each. Each modem is 
assigned a time in which it can transmit its signal so as to 
arrive at the H/E controller in time-interleaved fashion, 
thereby not colliding with U/S data from other modem 
subscribers. For all of this to work, the H/E controller 
performs a ranging operation to determine the time delay 
from each modem. The H/E controller then figures out for 
each modem a time slot in which it can send its data so as 
to not collide with the U/S data from other modems at the 
H/E controller. The details of this process are complicated 
and are described more fully in the MCNS DOCSIS speci- 
fications referred to earlier. 

As can be seen from the above discussion, in order for the 
overall cable modem based communication system to work 
properly, especially the two-way cable modem system, each 
cable modem in the system must be operating properly and 
according to the MCNS DOCSIS specifications. Thus, in 
order to ensure a robust cable modem based communication 
system, it is imperative that each individual cable modem in 
the system be properly tested to ensure that it is operating 
correctly. 

Currently known methods of testing cable modems, either 
on the factory floor before home installation, or in the field 
at the end users installation site, generally make use of 
bulky, expensive and complicated headend test equipment as 
illu.strated in FIG. 2. A headend unit 205 is coupled to a cable 
modem 200 which is in turn coupled to a computer 210. The 
headend 205 is a complex computer controlled apparatus 
which can be placed in a test mode to send and receive data 
from a cable modem 200 being tested to analyze the cable 
modem's performance. Thus, in order to test a number of 
modems each modem would be brought to and connected to 
a headend where a series of tests would be run — the modem 
would then be disconnected and the next modem would go 
through the same process. Derivations of this headend 
testing methodology could involve connecting ten or more 
modems 200 up to the same headend 205 which could 
sequentially run the testing process on each of the modems. 

There are a number of disadvantages with these testing 
approaches. First, the use of a headend test unit either in the 
field or on the manufacturing floor is very expensive because 
of the high cost of the relatively complicated headend test 
unit. Further, because of the complication of the headend test 
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units, highly skilled test technicians are needed to operate 
them, even if only a relatively sioaple test needs to be 
performed. Finally, the use of a headend test unit takes a 
large amount of time to setup and perform the test, especially 
when only a simple functionality test of the unit under test 
is required. For instance, it is desirable to be able to perform 
a series of power on self tests which test a number of simple 
operations of the modem prior to performing any further 
detailed tests. 

Therefore, what is needed is a new method and apparatus 
which is capable of performing cperability tests on a cable 
modem in a quick, efficient, and cost effective manner which 
avoids the aforementioned problems of currently known 
testing methods. 

SUMMARY OF THE INVENTION 

As discussed above, currently known methods of testing 
the operability of the RF hardware components of a cable 
modem can be expensive and complicated, especially when 
only a simple power on self test is desired. This is because 
the headend devices used in currently known methods are 
large and cumbersome devices that are designed for pur- 
poses beyond simple testing. Similarly, these devices require 
a skilled technician to operate. With the above in mind, a 
method and apparatus for testing a cable modem which is 
simpler, faster, and more economically eflBcient than cur- 
rently known methods is needed. 

Accordingly, in one embodiment of the present invention 
a method of performing an operability test on a communi- 
cations system device is provided- In this embodiment, a set 
of output test data is provided, and an output signal is 
generated in response to this set of output test data with the 
communications system device. This output signal is pro- 
vided to a reflective mixer as an input signal, and the 
reflective mixer generates a reflected signal in response to 
the output signal. Finally, this reflected signal is provided as 
a second input signal to the communications system device. 

In a further embodiment, the method may also include the 
steps of generating at least one set of input test data in 
response to the second input signal and comparing at least 
one set of input test data with the set of output test data. In 
this manner the operability of the communications system 
device can be tested. A further embodiment of this method 
may include the step of providing an indication of whether 
the communications system device either passed or failed 
the operability test. 

In one embodiment of the above method steps, the steps 
of comparing the set of input test data with the set of output 
test data and providing an indication of whether the com- 
munications system device either passed or failed the oper- 
ability test, are performed by a machine executing a program 
of instructions tangibly embodied in a program storage 
device readable by the machine. 

In another embodiment of the above method steps the 
communications system device comprises a cable modem 
comprising a modulator, a tuner, and a demodulator. In a 
further characterization of this embodiment, the output sig- 
nal comprises a modulated signal generated by the 
modulator, such as a QPSK and a 16-0 AM modulated 
signal. In a still further characterization the output signal 
comprises a modulated signal at a center frequency from 5 
to 42 Megahertz. In a further embodiment, the demodulator 
generates the at least one set of input test data. Still further, 
the method may include providing an indication of whether 
the modulator, die mner, and/or the demodulator either 
passed or failed the operability test. 
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In still another embodiment of the invention, the reflected 
signal comprises a set of information signals each of which 
comprise a signal that is essentially the same as the output 
signal. Further, each information signal is centered about a 
s frequency that is essentially equal to a harmonic of a sample 
frequency plus or minus the center frequency of the output 
signal. In one embodiment, the center frequency is from 
5-42 Megahertz, and the sample frequency is 100 Mega- 
hertz. 

10 This embodiment may be further characterized by the 
additional method steps of generating a plurality of sets of 
input test data in response to the second input signal, 
wherein each of the sets of input test data corresponds to a 
particular information signal and comparing at least one set 

15 of input test data with the set of output test data. Still further, 
this embodiment of the method may also include the steps of 
comparing at least one set of input test data to at least one 
other set of input test data, and providing an indication of 
whether the communications system device either passed or 

20 failed the operability test. 

Still further, this embodiment may be defined in that the 
steps of comparing the plurality of sets of input test data with 
the set of output test data, comparing at least one set of input 
test data to at least one other set of input test data, and 
providing an indication of whether the commxmications 
system device either passed or failed the operability test may 
be performed by a machine executing a program of instruc- 
tions tangibly embodied in a program storage device read- 
able by the machine. The step of generating a plurality of 
sets of input test data in response to the second input signal 
may be performed by the demodulator in response to com- 
mand signals generated by the machine executing the pro- 
gram of instructions. Similarly, the step of providing a set of 
output test data may also be performed by the modulator in 
response to command signals generated by the machine 
executing the program of instmctions. 

In still another embodiment of the method, the method 
may include the steps of coupling a spectrum analyzer to the 
reflective mixer; and analyzing the output signal with the 
spectrum analyzer. 

The present invention, as summarized above with respect 
to method steps, may be alternatively characterized as a 
communications system testing apparatus. The testing appa- 

45 ratus includes, in one embodiment, a communications sys- 
tem device comprising a transmitter and a receiver, an output 
node electrically coupled to the transmitter, wherein the 
output node receives an output signal generated by the 
transmitter in response to a set of output test data, and a 

50 reflective mixer electrically coupled to the output node, 
wherein the reflective mixer generates a reflected signal in 
response to the output signal. Also provided is an input node 
electrically coupled to the reflective mixer and to the 
receiver, wherein the input node receives the reflected 

55 signal, and a test control device, electrically coupled to the 
communications system device and configured to control a 
lest mode of the communications system device such that in 
the test mode the transmitter generates the set of output test 
data in response to command signals generated by the test 

go control device. 

In a further characterization of this embodiment, the 
receiver generates at least one set of input test data in 
response to the reflected signal, which in a f-urther embodi- 
ment is generated in response to command signals generated 

65 by the test control device. In a still further embodiment, the 
test control device performs a test of the operability of the 
communications system device by comparing the at least 
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one set of input test data with the set of output test data. In FIG. 3 illustrates, in simplified block diagram form, a 

one instance, the test control device generates an indication cable modem coupled to a reflective mixer in accordance 

of whether the communications system device either passed with one embodiment of the invention, 

or failed the operability test. FIG. 4, illustrates a simplified process flow diagram 

In one embodiment of the invention the communications ^ which describes a method of testing a cable modem in 

system device comprises a cable modem. In this instance, accordance with one embodiment of the invention, 

the transmitter comprises a modulator and the receiver FIGS. 5(a)-(b) illustrate an original upstream signal as it 

comprises a demodulator. The output signal, in this instance, would appear on the output of a typical cable modem, and 

may comprise a QPSK or a 16-QAM modulated signal with the upstream signal after being reflected by a reflective 

a center frequency from 5 to 42 Megahertz. 1° mixer. 

In one characterization of the above embodiment, the FIG. 6 is a block diagram illustrating a circuit that can be 

receiver generates the al least one set of input test data in used to simulate the action of a reflective mixer attached to 

response to command signals generated by the test control a cable modem. 

device, and the test control device performs a test of the pjQ 7 illustrates the frequency spectrum of an original 

operability of the communications system device by com- upstream signal at 10 MHz. 

paring at least one set of input test data with the set of output g iUu^trates how the simulated reflective mixer of 

test data. pjQ g provides replicas of the original 10 MHz upstream 

In another embodiment of the apparatus the reflected signal of FIG. 7. 

signal comprises a set of information signals each of which pj^;^ 9 iu^strates a detaUed circuit schematic of one 

comprise a signal that is essentially the same as the output embodiment of a reflective mixer. 

signal. Each information signal is centered about a fre- .^^^^^^^^^ ^ ^^^^^ ^ ^ ^^^^ ^^^^ 

quency that is essentiaUy equal to a harmonic of a sample ^^.^.^^ ^^^^^^^^^ ^^^^^ ^^^^^^^^ ^^^^ 

frequency plus or minus the center frequency or the output circmt of FIG 9 

signal. In one instance, the center frequency is from 5-42 -,^/ v /lv n . . . , . . . 

Megahertz, and the sample frequency is 100 Megahertz. ^ PIGS. ll(aH^>) illustrate the broad and narrow band 

- . . . ^. . , spectra of an original upstream signal from a cable modem 

In one mstance of this embodiment, the receiver generates ^^^^^ ^^^^ 

a plurality of sets of mput test data in response to tbe „ . .'f. .„...,.,, . . 

reflected signal, wherein each of the sets of input test data FIGS. 12(aHi>) illustra e the broad and narrow band 

corresponds to a particular information signal. In one case, 30 '^'^''^^^ ^ reflected signal from a cable modem being tested 

the receiver generates the plurality of sets of input test data ^^^^S ^^"^P 

in response to command signals generated by the test control FIGS. 13{a)'{d) illustrate some further embodiments of 

device. In another case, the test control device performs a ideal reflective mixer configuration which could be used 

test of the operability of the communications system device to implement the reflective mixer 305 of FIG. 3. 

by comparing at least one set of the plurality of sets of input 35 FIGS. 14(a)~(d) illustrate, in schematic diagram form, 

test data with the set of output test data. In still another case, other embodiments of the reflective mixer of FIG. 9. 
the test control device performs a test of the operability of 
the communications system device by comparing at least 

one set of the plurality of sets of input test data with at least The present invention avoids some of the problems of 

one other set of input test data. 40 currently known cable modem testing methods by providing 

In another embodiment, the apparatus also includes a a method and apparatus for perfonning simple operability 

specu^m analyzer electricaUy coupled to the reflective testing without the use of a complicated headend unit. In one 

mixer such that the output signal can be analyzed by the embodiment of the invention, a known stream of upstream 

spectrum analyzer. In still another embodiment, the test data generated by a cable modem is utilized by the cable 

control circuit comprises a machine executing a program of 45 modem to test itself. This modulated upstream data can be 

instructions tangibly embodied in a program storage device reflected to a higher frequency that the tuner/receiver of the 

readable by the machine. modem itself can demodtilate. Thus, one embodiment of the 

Lasdy, in another embodiment of the invention, the reflec- invention forms an RF loopback within the cable modem in 

tive mixer includes a signal generator which generates a ^^'^^^^ simple operabihty tests on components 

switching signal at a sample frequency and a variable 50 within the cable modem. This embodiinent of the in^^^^^^^^ 

impedance device configured to adjust one of the phase and <j^^^^ "^^f V° ^'5?'"° ^"'^^7? ^ 

amplitude of the reflected signal in response to the switching (P^Sl) of the RF hardware (modulator, demodulator, tuner) 

signal. In alternate embodiments, the switching signal may 0° "cw modems off of a manufacturing assembly line. This 

comprise one of a train of pulses and an overdriven sine concept is explained more fiiUy below m which a detailed 

wave at a sample frequency of 100 Megahertz, In one 55 description of preferred embodiments is provided with 

embodiment the variable impedance device comprises an respect to the figures. 

PET transistor wherein the switching signal is provided to FIG. 3 iUustrates a block diagram of a two-way cable 

the gate of the FET transistor. modem 300 that is coupled to a reflective mixer 305, and a 

computer 380 such that the cable modem 300 may be tested 

A BRIEF DESCRIPTION OF THE FIGURES 60 in accordance with one embodiment of the present inven- 
tion. The cable modem 300 includes a 75 ohm coaxial cable 

The figures iUustrate the invention by way of example, input/output 310, a tuner 330, a downstream demodulator 

and not limitation. Like references indicate similar elements. 340^ Ethernet network interface controUer 350, a custom 

FIG. 1 illustrates, in block diagram form, a typical cable ASIC Interface integrated circuit 360, an upstream modu- 

plant for a cable modem system. 65 lator 390, a CPU 383, a RAM 384, and a ROM 386. The 

FIG. 2 illustrates, in block diagram form, a typical testing tuner 330 is comprised of a diplexer filter 334 including a 

setup for a cable modem using a headend unit. high pass and low pass filter, and an up/down frequency 
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converter 336. The diplexer filter 334 (highpass/lowpass), 
which is coupled to the iaput of the modem 300, separates 
the low power, high frequency downstream signal coming 
from the head-end, from the high power, lower frequency 
upstream signal generated by the cable modem 300 itself. In 
one embodimeat of the cable modem 300, the downstream 
signal is a QPSK, 16-QAM, 64-QAM, or 256-QAM signal 
in a frequency range of 54-850 MHz with a power level of 
between -15 dBmV and +15 dBmV — the upstream signal 
covers a frequency range of 5-65 MHz or from 5^2 MHz 
with power levels ranging betweeri +8 dBmV and +58 
dBmV. 

The tuner 330 is coupled to and receives modulated data 
from the upstream modulator 390 to be transmitted upstream 
to the headend. This data passes through the low pass filler 
of the diplexer filter 334 and is output through the coaxial 
cable input/output 310. The cable modem 300 receives 
modulated downstream input data from the cable headend 
via the coaxial cable input/output 310. This downstream 
input data passes through the tuner 330 via the high pass 
filter of the diplexer filter 334 and is then processed by the 
up/down converter 336 by a series of amplifiers (AMPl, 
AMP2, AMP3), mixers (Ml, M2), and band pass filters 
(BPF) as shown in FIG. 3, The output of the up/down 
converter 336 is filtered by a band pass filter and then 
received by the downstream demodulator 340 which 
demodulates the downstream input data. 

The custom ASIC Interface integrated circuit 360 is 
coupled to the downstream demodulator 340, the upstream 
modulator 390, and the Ethernet network interface controller 
350 such that data can be passed to and from these compo- 
nents. Further, the ctistom ASIC Interface integrated circuit 
360 is coupled to the CPU 383, the RAM 384, and the ROM 
386 through the internal modem bus 388, The custom ASIC 
Interface integrated circuit 360 contains circuitry which, in 
conjunction with command signals generated by the CPU 
383, serves to control the overall operation of the cable 
modem 300. The RAM 384 and the ROM 386 of the cable 
modem 300 serve to store, read and write data to be utilized 
by the modem 300, and to store operating instructions and 
configuration data for the modem 300, In one embodiment 
of the modem 300, the custom ASIC Interface integrated 
circuit 360 also serves to perform media access control 
(MAC) functions. 

The cable modem 300 is coupled to an external computer 
380 such as a personal desktop coniputer via the ethernet 
network interface controller 350 on line 352. In the illus- 
trated embodiment, the custom ASIC Interface integrated 
circuit 360 may interface with the computer 380 through the 
ethernet network interface controller 350 when it is time to 
send data to the headend of the cable modem system. This 
data can then be sent fnam a typical storage medium in the 
computer 380 (such as from a RAM, a ROM, an EEPROM, 
a floppy disk drive, or a CDROM) and into the custom ASIC 
Interface integrated circuit 360 where it is then passed to the 
upstream modulator 390 and the low pass filter of the 
diplexer filter 334 before being transmitted to the cable 
system headend via the coaxial cable input 310. Further, 
demodulated downstream input data from the downstream 
demodulator 340 may be sent to the computer 380 via the 
custom ASIC Interface integrated circuit 360 and the ether- 
net network interface controller 350. This demodulated 
downstream input data may then be stored and/or utilized by 
the computer 380 to perform a number of computing opera- 
tions in accordance with software programs being run on the 
computer 380. 

When the cable modem 300 is to be tested in accordance 
with one embodiment of the invention, the reflective mixer 
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305 is connected to the cable input/output 310 of the cable 
modem 300 via the cable output 311 of the reflective mixer 
305. The reflective mixer 305 operates by placing either a 
matched load (switch SW is closed) or an open circuit 

5 (switch SW is open) on the input/output 310 of the cable 
modem 300. As will be described more fully below with 
respect to FIG. 4, the cable modem 300 then generates a 
known upstream modulated signal with the upstream modu- 
lator 390. This upstream modulated signal is then provided 

30 as an RF output at the input/output 310 of the cable modem 
300, When the switch SW is closed, the RF output of the 
modem 300 is terminated and no reflection of the RF output 
signal occurs. When the switch SW is open, the upstream 
signal is reflected back to the modem 300 at a higher 

]5 frequency, with essentially zero phase shift. In reality, the 
reflected energy arrives back at the modem input/output 310 
with a random, though fixed, phase shift. This is due to the 
fact that there is a finite length of transmission line between 
the switch SW of the reflective mbcer 305 and the modem 

20 input/output coimector 310. This finite length of line will 
impart a phase shift to the reflected signal just due to the time 
delay of the signal passing over it. However, for the simple 
testing purposes of the present invention, the phase of the 
reflected signal is not important. 

25 The reflected signal is received by the cable modem 300 
in the same manner as described above for downstream data. 
The action of the switch SW reflecting the outgoing signal 
from the upstream modulator 390 of the cable modem 300 
acts as a form of sampling mixer. An ideal sampling mixer 

30 will create replicas of the original low frequency spectrum 
at unit multiples of the sampling rate, as shown in FIG. 5. In 
effect, the low frequency spectrum of the upstream output is 
replicated about the sample rate and all of iLs harmonics. If 
the switch SW is closed for only a very short period of time, 

35 the aperture of the sampling mixer is small. This leads to 
replicated spectra out to very high frequencies. As the 
aperture lime is increased, the higher frequency replicas of 
the original low frequency signal will tend to be reduced in 
amplitude and will have amplitude nulls at multiples of 

40 aperture time. 

In one embodiment of the invention, a user can interface 
with the computer 380 which interfaces with the cable 
modem 300 and the reflective mixer 305 in order to perform 
an RF hardware operability test of the modem 300. The user 

45 may attach the reflective mixer 305 to the input/output 
connector 310 of the cable modem 300 and initiate a test 
program run by the computer 380. The test program, which 
may reside in any suitable storage media within the com- 
puter 380, provides commands from the computer which 

50 serve to control the operation of the cable modem 300 
through the Custom ASIC Interface 360 and the CPU 383. 
The test program, in one embodiment, may cause the 
modem 300 to generate a known modulated signal with the 
upstream modulator 390 which is reflected back into the 

55 modem 300 by the reflective mixer 305 such that a signal of 
a frequency high enough to be received by the tuner 330 is 
demodulated by the downstream demodulator 340. The 
demodulated downstream signal may then be compared to 
the original known test signal to test the operation of the 

60 modem. This test process is described more fully below with 
respect to the process flow diagram of FIG. 4. In another 
embodiment of the invention, the test described above may 
be controlled by a test program stored within the modem 300 
itself, such as on the ROM 386. The CPU 383 may run the 

65 test program and generate command signals to operate the 
modem RF hardware as described above. In still another 
embodiment, the test as described above may be performed 
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by attaching a piece of test equipment, such as a computer frequencies the demodulator 340 is instructed to demodulate 

running a test program, directly to the custom ASIC inter- at, and which type of demodulation scheme to employ, 

face IC 360 of the modem through the serial port connection which in one embodiment is 16 -QAM. Note that the portion 

362. of the reflected signal whose frequency is below the mini- 

In another embodiment of the reflective mixer testing s mum downstream frequency response of the tuner 330 of the 
method of the present invention a piece of test equipment modem 300 will not be demodulated. In one embodiment of 
302 — such as a spectrum analyzer — may be coupled to the the invention, the cable modem 300 has a minimum down- 
reflective mixer 305. In this manner, a user could visually stream frequency response of about 54 MHz. Therefore, 
inspect the modulated output signal of the modem 300 to without some means — in this case a reflective mixer 305 — 
check the basic operation of some of the RF hardware of the of generating a higher frequency replica(s) of the modulated 
modem 300. FinaUy, also shown in FIG. 3 is a -5.7 dB signal, the demodulator 340 would not be able to receive the 
resistive attenuator (pad) 308 which may be connected data generated by the modulator 390. In one embodiment, 
between the cable modem 300 and the reflective mixer 305 the cable modem 300 downstream frequency response is 
in one embodiment of the invention. The -5.7 dB resistive approximately 54-850 MHz. In order to fuUy test the 
attenuator (pad) 308 can be used to match the impedance of -j^ demodulator 340 circuitry of the modem, the entire fre- 
a 75 ohm cable modem 300 when test equipment 302 is to quency range should be tested to some degree. In one 
be utilized which has an impedance of 50 ohms. embodiment of the invention, this can be accomplished 

FIG. 4 illustrates a process flow diagram that describes a quickly by demodulating three frequencies of the reflected 
method of testing the cable modem 300 in accordance with signal which correspond to a low, medium, and high fre- 
onc embodiment of the invention — references to elements 20 quency with respect to the frequency range of the demodu- 
found in FIG. 3 are also made below. The method is begun lator 340, For instance, if a 20 MHz modulated signal were 
at block 400. At block 410, a reflective mixer 305 is reflectively mixed at 100 MHz, the demodulator 340 could 
connected to the output of the cable modem 300, and at be instructed to demodulate those portions of the reflected 
block 415 a reflective mixer 305 sample frequency is signal at 80 MHz, 380 MHz, and 820 MHz to check the low, 
selected. In one embodiment of the invention, the reflective 25 middle, and high ends of the demodulator's range of opera- 
mixer 305 sample frequency is set at 100 MHz. In other tion. This instruction could be provided to the demodulator 
embodiments of the invention, this sample frequency may 340 through the custom ASIC 360 by the computer 380 
be selected to any frequency which results in the generation running the test program in one embodiment, 
of a reflected signal that is of a frequency(ies) high enough At block 450, each of the signals that was demodulated is 
to be passed through the high pass filtering of the cable 30 compared to the signal that was modulated. By comparing 
modem's tuner 330 and then demodulated by the demodu- the data contained in the demodulated signals to the data 
lator 340. At block 420, an upstream signal is generated in contained in the signal that was originally modulated, the 
the cable modem 3 00 by the upstream modulator 390. In one accurate operation of the cable modem's RF hardware 
embodiment of the invention, this step is controlled by a including the modulator 390, the tuner 330, and the demodu- 
computer 380 mnning a test program which produces com- 35 lator 340 can be verified. In one embodiment, a quick test 
mand signals from the computer 380 to the cable modem can be performed in which the comparison of the data is not 
300. These commands, in one case, may place the upstream a bit-to-bit comparison. In this type of quick test, the signals 
modulator 390 in a test mode in which the upstream modu- can be compared to see if they lock on several characteristics 
lator 390 produces a continuous output signal at a sample such as amplitude, carrier, and symbol timing (1.28 mega- 
frequency of a random bit sequence. In one embodiment, the 40 symbols per second in one embodiment). In a more robust 
test mode of the upstream modulator 390 causes a 16-QAM embodiment of the test, the signals can be compared on a 
modulated 1 .28 mega-symbols per second signal centered at bit-to-bit level — wherein, if the modulator 390 and dcmodu- 
20 MHz and with pseudo-random bit sequence intervals to lator 340 are operating perfectly, the pseudo-random bit 
be generated by the upstream modulator 390. In another sequence coming out of the demodulator 340 should be 
embodiment, the computer 380 can provide a user or ran- 45 equivalent to the pseudo- random bit sequence entering the 
doraly selected set of parameters by which the upstream modulator 390. 

modulator 390 is to provide a modulated output. This set of w block 460, a decision is made as to whether the modem 

parameters may include values for parameters such as the 30O has passed the test employed. If not, the modem 300 

data symbol rate, modulation scheme, and center fi-equency may either be discarded or set aside for later 

of the output signal of the upstream modulator 390. 50 troubleshooting, shown as block 470. If the modem 300 has 

At block 430, a reflected signal is generated. The reflected passed the test, at block 480, a decision is made as to 

signal that is generated depends upon the sample frequency whether or not to repeat the test for a different set of 

of the reflective mixer 305 as well as the center frequency of upstream modulation parameters such as center frequency, 

the modulated signal. As illiistrated in FIG. 5, if the modu- modulation scheme, and/or symbol rate. The center 

lated signal center frequency is 20 MHz, and the sample S5 frequency, modulation scheme, and/or symbol rate is 

frequency of the reflective mixer 305 is 100 MHz (as is the changed at block 485. In one embodiment, this decision can 

case in one embodiment of the invention as described be made by the test program being run on the computer 380 

above), the reflected signal will comprise mixed signals at based upon the results of the testing that has already taken 

each harmonic of the reflective mixer sample frequency. place — in the same respect the change of center frequency, 

Therefore, as shown in FIG. 5, the reflected signal will go modulation scheme, and/or symbol rate may also be imple- 

comprise signal information at 20, 80 and 120 MHz, 180 and mented by the computer 380 running the test program 

220 MHz, 280 and 320 MHz, and so forth throughout the through the issuance of commands through the custom ASIC 

harmonics of 100 MHz. 360 to the modulator 390 of the modem. In another 

At block 440, the portion of the reflected signal that is embodiment, the decision is made by the user through an 

processed through the tuner 330 is demodulated by the 65 interface with the computer 380 running the test program, 

demodulator 340. In one embodiment, the computer 380 — Repeating the test for additional modulated signal center 

under the direction of the lest program — controls which frequencies serves not only to test the operation of the 
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modulator 390 over its range of operation, but also to further 640 uoatlenuated. The action of the signal mixer 640 acts a 

test the range of operation of the demodulator 340. sampling gate with an output that simulates the output of a 

FinaDy, at block 490 a decision is made whether or not to reflective mixer circuit coupled to a typical cable modem 

repeat the test for a different reflective mixer sample fre- transmitting an upstream signal. 

quency. If not the reflective mixer list of the modem 300 s ^ reflective mixer testing setup in accordance with 

ends at block 495, and another modem can be tested. If a ^ invention, the cable modem will use either a 

more dctatled ftmg of the detnodulator 340 portion of the ^. ^j^^^^^ ^ square-root raised 

modem 300 .s desired, the sainp e freqitency of toe reflective ^^^^ gj^^^ ^.^^^^^ ^^ g,,^^ ^j^^^^j 

mixer 305 can be changed at block 415. and the testmg as ^^^^^^^^ ^^g^^^;^^ ^^^^ ^^^^^^^ 

described above can be repeated for this new frequency. TTiis ,o previously with respect to FIGS. 3 and 4. However, in 

may be desired simply to lest an extended portion of toe t^e results of a particular test setup, one is only 

detnodulator s frequency range^ As noted above in one j^j^^^^^j j^^^ ^ representative digitally modulated signal 

embodiinent of toe invention, toe cable modem 300 rnay ^^^^ .^^ ^ ^^^^ frequency versions of 

have a downstream frequency response of 54-850 MHz. .^^^^ ^ ^j^^^ ^ 

Thus in order to test this wide frequency range m a more ,5 .i^^^^^ 3 gPSK signal was easier to set up. FIGS. 7 and 

detailed manner, a user could run the test for a number of g jy^,^^,^ ^^^j^ ^. ^.^^.^ ^^^^j^^j 

different reflecUve mixer sample frequencies ^^^^^^^ p,Q ^ ^^ gj^^,^,^ ^^^^j „f ^^-^^ ^ ^^(1^^.,.^^ 

As previously descnbed above, FIGS. 5(8)-(t) illustrate ^-^^^ 305 ^^ ^^^^ ^ ^^^^^^ ^^^^^ 300. piG. 7 shows the 

an original upstream signal as it would appear on the output frequency spectrum of the original upstream signal at 10 

of a typical cable modem, and the upstream signal after 20 MHz. FIG. 8 shows how the action of the simulation circuit 

being reflected by a reflective mixer 305. In the case 600 results in replicas of the original upstream signal at 10 

illustrated toe modulated signal center frequency is 20 MHz, above and below toe sampling frequency. In the 

and the sampling frequency of the reflective mixer 305 is example shown in FIG. 8. the sampling frequency is 100 

100 MHz (as is the case in one embodiment of the invention MHz 

as described above). As shown, the reflected signal will 25 , . , . , _ , 

comprise mixed signals at each harmonic of toe reflective As discussed previously wito respect to FIG. 3, the 

mixer sample frequency. Therefore, as shown in FIG. 5(fc). [^Af^"^^ inixer 305 operates by placing eitoer a matched 

the reflected signal will comprise signal information at 20 '"ad (switch SW is closed) or an open circuit (switoh SW is 

MHz. 80 and 120 MHz. 180 and 220 MHz. 280 and 320 "P'^n) mpul/output 310 of toe cable modem 300. Prior 

MHz, and so forto throughout the harmonics of 100 MHz. If 30 '° discussmg various implenientaUons of toe reflective 

toe center frequency of toe modulated signal were changed m«er arcmt, U would be beneficial to discuss the pnnciple 

to 10 MHz, the reflected signal would comprise signal behind toe generation of a reflected signal and how it is 

information at 10 MHz, 90 and 110 MHz, 190 and 210 MHz, ^ffe'^ted by load matching. In general, toe output connector 

290 and 310 MHz, and so forth toroughout toe harmonics of °f ^ "^able modem is coupled to a transmi^ion hne wito 

100 MHz 35 ^^^^ transmission line impedaQce (Zq.) which terminates m 

™^ ^ ^ It 1 J' 11 * *• • -wu * u some manner and thus has some termination load or imped- 

FIG. 6 IS a block diagram illustrating a circuit that can be . • . ^ -.u m • < • *u c 

. , . 1 , f. c a r ' u Ai ance (Z.) associated with it. For instance, in the case of a 

used to simulate the action of a reflective mixer attached to j . . . * • * * 

, , , . , . ^na * cable modem whose output connector is not connected to 

a cable modem. The simulatioo circuit 60U comprises a . . ^ w j *u * - ■ i- a 

, . /nnDc\ * icin 1 . anythmg external to the modem, the transmission line ends 

pseudo -random bit sequence (PRBS) generator 610, a low . ^ ^ . . . . . * . . . . , 

^nrt 1 • -in xjrri J m an Open circuit, and thus the termination lo ad or impcd- 

pass filter 620, a signal mixer 630, a 10 MHz sinusoid 40 • - ^ / . • i . j l ui 

. rffft I tv ■ 1 • nAn J inn xjriT ance IS mfinite. An upstream signal generated by a cable 

generator 650, an on/ofif signal mixer 640, and a 100 MHz , ... / » • • v u i 

^ , , . . ^^f. nunc * , iCi n modcm Will propagate up the transmission Ime, while any 

pulse train generator 660. The PRBS generator 610 provides „ , r f 4 - i n / j *u 

A A J- ■* 1 ■ 1 * 1 xjtu * 1 reflection of that upstream signal will propagate down the 

a pseudo-random digital signal at 1 Mbps to the low pass . . i- ^ • . .i. j 

ill ^-^A u- u • Z A- . • cnn 1 transmission line and into the cable modem. The generation 

filter 620 which, in one embodiment is a 500 KHz lowpass _ a . ^ • ^ a a a r • * e 

/r.L J • u \ TT. J nnT>o J * • fu of a reflected signal depends on the renection coemcient 01 

filter (5th order, linear phase). The filtered PRBS data IS then 45 , i_ a *■ • ♦ ■ i ♦ 

, . . .V . 1 . rift Ai -A A the system, where the reflection coemcient is equal to the 

provided as an input to the signal mixer 630. Also provided • ri o . j i. . *i_ -j * i* a 

^ . * * ,u • 1 «n V #k .*»t^fti,oin ratio of the reflected voltage to the incident voltage. Another 

as an input to the signal mixer 630 is the output of the 10 ^ . *• i , f „fl^^f;^„ ;^ 

MHz sinusoid generator 650. The signal mixer 630 acts to """y ^ """S °^ ^^""^ .7 7 W7 ! 

upconvert the PRBS data in frequency by multiplying the ^"^ to toe following equaUon where pK^^ 

input PRBS data wito toe 10 Mm sinusoid input. TTie signal 50 fo)- "nius. toe magnitude of p descnbes the ma^itude of 

V , in A^u, laDciJ- • 1 .7 i*^ he reflected signal, while the sign of p describes the phase 

mixer 630 thus generates a 10 MHz BPSK signal at its ,,,,ji„^hip of toe reflected signal to the incident signal-if 

output and pro^^desthls signal as an input o to on^off P ^ ^^^^^^^ ^^^^^ ^.^^ 

Signal mixer 640. This 10 MHz BPSK signal is used to . f • i vt * . u i 

, , , , „„ui^ oi^oi incident signal. Note that p can be reactive (have complex 

simulate an actual upstream cable modem signal — except x f u a i-.,.^^ „ « 

. ■ nnci^ .u rkDci- i< rwi^A tu^i k« units), therefore any phase and amplitude is possible for p. 

that It IS BPSK rather than QPSK or 16-QAM — that is to be 55 ™ , /' , ^. «u fp f f u fj*«- ^ * 

fl * J u 1 • . lu «X k.. o ™fl^^t;„« ™™ TT,:. Table 1 below summarizes the eflect of a number of different 

reflected back into the modem by a reflective mixer. This ,u a r ^wi^-^^t „ «f 

^ . , c values for Zr on the reflection coefiBcient for a number of 

serves for the simulation purposes of the simulation circuit . ^ 

600 since a BPSK signal is very similar to a QPSK signal ^P*^^^^^ 

(which is the typical modulation used by a cable modem) in tari p 

that it is simply another type of phase modulation. The 60 TABLE 1 

output of the 100 MHz pulse train generator 660 is provided f special Cases of z.) 
as a second input to the on/ofif signal mixer 640. The 
repetitive pulse train signal has a pulse width of 5 nsec and 
is at one of two levels: 0 volts or 1 volt. When the pulse train 

is at zero volts, no signal is seen at the output of the on/ofi" 65 
signal mixer 640. When the pulse train is at 1 volt, the 10 
MHz BPSK signal passes through the on/off signal mixer 





p 


Comment 


Zo 


0 


Matched load, no reflection (Normal operations) 


(»Zo) 


+1 


Open circuit, total reflection, in phase 


0 


-1 


Short circuit, total reflection, out of phase 
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TABLE 1 -continued 
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fSoed al Cases of Z,) 




P 


Comment 


2Zo 


+1/3 


1/3 incident wave reflected, in phase 


Zo/2 


-1/3 


1/3 incident wave reflected, out of phase 



As shown in the above Table 1, if the transmission line 
terminates with a matched load — in the case of the typical 
cable modem this is 75 ohms — then the entire signal that 
goes down the transmission line gets dissipated in the load. 
In other words, when the load is matched to the transmission 
line impedance nothing reflects back, which in normal 
modem operations is the ideal operation point. Everything 
goes into the load. Which is ideally how you want it. As 
shown in table 1, for any value of which is not equal to 
there is some reflection of signal. Therefore, one can see 
that for any termination impedance other than Z^=75 ohms 
in this case, some energy will be reflected back into the cable 
modem. Therefore, in designing a circuit to implement the 
reflective mixer to be used in the present invention the goal 
was to implement a scheme that changes the from 75 
ohms to some other value that reflects a signal at a very rapid 
rate. 

RG. 9 illustrates a detailed circuit schematic of one 
embodiment of a reflective mixer circuit designed to per- 
form the function described above. The circuit described by 
FIG. 9 can be used as one implementation of the reflective 
mixer 305 of FIG. 3. The circuit comprises FET transistor 
Tl, capacitors CI, C2, C3, and C4, resistors Rl, R2, R3, and 
^BiAsy coaxial cable input/output connectors 902, 904, 
and 906. Values of the components utilized in one embodi- 
ment of the invention are tabulated in Table 2 below. 



TABLE 2 



Component 



\^!ue 



Rl 
R2 
R3 

Tl 

CI, C2, C3, C4 



51 01 510 Ohms 
51 or 510 Ohms 
510 Ohms 

1 kOhm 

-3.3 V 

NE76118 

0.01 uF 



10 



15 



25 



30 



35 



45 



Connector 902 is coupled to cable modem 300 when the 
cable modem is being tested as described above with respect 
to FIGS. 3 and 4. In the configuration of the circuit with the 
values of Table 2, the circuit is designed to be coupled to the 
modem 300 through the -5.7 dB attenuator 308 of FIG. 3. 
Connector 904 may be coupled to test equipment 302, such 
as a spectrum analyzer, during testing as described previ- 
ously. Connector 906 is coupled to the output of signal 
generator 910 to receive the 100 MHz pulsed train signal 
from the signal generator 910 as described earlier. In one 
embodiment, the signal generator 910 may produce a large 
amplitude sine wave which, for the purposes of the reflective 
mixer testing described herein, serves' the same purpose that 
a square wave or pulse train would. For, a large amplitude 
sine wave would have the effect of turning FET transistor Tl 
on and off quickly. 

Capacitor CI is coupled to the connector 902 and to node 
912 which is also connected to the source of reT transistor 
Tl. Node 912 is also coupled to ground through resistor Rl. 
Similarly, capacitor C2 is coupled to the connector 904 and 
to node 914 which is also connected to the drain of FET 



50 



55 



60 



65 



transistor Tl. Node 914 is also coupled to ground through 
resistor R2. Capacitor C4 is coupled to the connector 906 
and to node 916 which is also connected to the gate of FET 
transistor Tl. Bias voltage is provided to the gate of Tl via 
resistor R3 which is connected between nodes 916 and 918. 
Node 918 is coupled to ground through capacitor C3. The 
bias voltage is provided at node 918 from node V^^^ across 
the variable resistor R^^^ which is connected between 
^BiAS and ground. 

The operation of the reflective mixer circuit of FIG. 9 is 
as foUows. When the output of the signal generator 910 is 
low, the transistor Tl is off and no current flows through it. 
This provides the cable modem 300 with a matched 50 ohm 
termination load through resistor Rl to ground, and there- 
fore no energy is reflected back into the modem 300. When 
the pulsed train output of the signal generator goes high, the 
transistor Tl turns on providing a path for current flow 
through Tl. Therefore, when the transistor Tl turns on 
current flow is divided through three separate 50 ohm loads 
in parallel such that loads no longer match on the termina- 
tion of the signal. For, there is an effective 25 ohm termi- 
nation on both the connector 902 and the connector 904. 
Because of this mismatch, some of the incident energy of the 
upstream signal from the cable modem 300 is reflected back 
into the cable modem — in this case the reflected signal is 
also out of phase with the upstream signal since the reflec- 
tion coefficient is negative. 

FIG. 10 illustrates a block diagram of a test set-up that 
was utilized to illustrate the action of the reflective mixer 
circuit embodied by the circuit of FIG. 9 described above. 
The lest set-up comprises cable modem 300, -5.7 dB 
resistive attenuator 308, 6 dB splitter 1010, spectrum ana- 
lyzer 1005, reflective mixer 900, and signal generator 910. 
The cable modem 300 is coupled to the -5.7 dB attenuator 
308 via a 75 ohm connector line. The -5.7 dB resistive 
attenuator 308 is coupled to 6 dB splitter 1010 via a 50 ohm 
connector line. The 6 db splitter 1010 splits the upstream 
signal from the cable modem 300 and provides the upstream 
signal to a spectrum analyzer 1005 and to the reflective 
mixer 900. The spectrum analyzer 1005— which can be 
implemented by an HP 8563E — could therefore be used to 
monitor both the downstream (reflected) signal and the 
upstream signal provided by the cable modem 300. The 
upstream signal provided to the reflective mixer is reflected 
as described above with respect to FIG. 9 as controlled by 
the signal generator 910 which acts to provide a signal which 
sequentially turns transistor Tl on and off at approximately 
100 MHz in this case. In the test set-up shown in FIG. 10, 
the signal generator 910 may be implemented by a signal 
generator such as an HP 8648C model providing an over- 
driven 100 MHz sinusoid wave at +10 dBm which in 
essence acts as a pulse train generator by driving the FETTl 
into total on or off operation. The set-up of FIG. 10 was 
designed and used for test purposes since most test equip- 
ment is 50 ohm equipment. In the actual testing of a cable 
modem using a reflective mixer in accordance with one 
embodiment of the present invention a splitter would not 
generally be used and the mixer could be designed with 75 
ohm connections to avoid the need for the -5,7 dB attenu- 
ator 308. Therefore, in order to test a cable modem in 
accordance with the present invention, only the signal gen- 
erator 910 and the reflective mixer 900 are required. 

FIGS. ll(fl)-(^) and \2{ayip) illustrate the use of the 
reflective mixer 900 in the test set-up of FIG. 10. FIG. 11(a) 
illustrates the spectrum of the original 1.28 MSps 16-QAM 
upstream signal at a 10 MHz center frequency as provided 
by a cable modem operating in accordance with one embodi- 
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ment of the present invention. FIG. 11(6) illustrates the 
resulting broadband spectruna when the reflective mixer 900 
is off. Notice that there is only the original 10 MHz signal. 
FIG. 12(a) illustrates the broadband spectrum when the 
reflective mixer 900 is turned on. Notice that a replicated 5 
specUa of the original 10 MHz 16-QAM signal appears at 
100 MHZ+/-10 MHz, 200 MHz+/-10 MHz, and so on at 
each harmonic of 100 MHz as described previously above. 
FIG. I2{b) illustrates a close-up of the spectrum at a center 
frequency of 90 MHz. Notice how this signal is the same, lO 
except for amplitude, as the original 16-QAM upstream 
signal at 10 MHz iUustrated in FIG. 11(a). Notice also in 
FIG. 12 (a) that there is some feedthrough of the sampling 
signal at increments of 100 MHz. This is due to RF 
feedthrough across the FET transistor Tl. Also notice that is 
the signals around 200 MHz are smaller in amplitude than 
the signals at 100 MHz and 300 MHz. This is due to the fact 
that a 100 MHz squarewave (actually an overdriven sine 
wave) was used to implement the signal generator 910 
instead of a 100 MHz impulse train. Even harmonics of a 20 
squarewave (i.e. 200 MHz, 400 MHz, . . . ) are ideally zero, 
though some leakage always occurs in an actual system. 
Nevertheless, the operation of the reflective mixer 900 is 
evident in these results. 

FIGS. 13{a)-(d) illustrate some further embodiments of 25 
an ideal reflective mixer configuration which could be used 
to implement the reflective mixer 305 of FIG. 3. FIG. 13(a) 
illustrates a shunt-short embodiment of the reflective mixer 
305. This embodiment comprises a node 1301 between the 
coaxial cable input/output connectors 902 and 904, and a 30 
switch SWl which is connected between node 1301 and 
ground. The switch SWl is controlled by reference pulse 
signal generator f^^^ through amplifier AMP4. Further, a 
terminating impedance, such as a piece of test equipment 
302 (spectrum analyzer), is coupled to connector 904, and a 35 
cable modem 300 is coupled to connector 902. When the 
switch SWl is open any upstream signal from the modem 
300 is terminated with a matching impedance and no signal 
is reflected back. When switch SWl is closed a direct short 
to ground is provided for the termination of the upstream 40 
signal thus interrupting the impedance matching and causing 
a signal to be reflected back into the cable modem 300. 

FIG, 13(b) illustrates a series-open embodiment of the 
reflective mixer 305. This embodiment comprises connec- 
tors 902 and 904 which are coupled to the cable modem 300 45 
and test equipment 302 respectively. Connector 902 is 
coupled to one end of switch SW2 via line 1302, and resistor 
R^i is connected between line 1302 and ground. Connector 
904 is coupled to the other end of switch SW2 via line 1303, 
and resistor ^ connected between line 1303 and ground. 50 
The switch SW2 is controlled by reference pulse signal 
generator f^^ through amplifier AMPS. When the switch 
SW2 is open any upstream signal from the modem 300 is 
terminated with a matching impedance via resistor R^j and 
no signal is reflected back. When switch SW2 is closed the 5S 
upstream signal has several termination paths to ground ( 
R^j, R^2, and test equipment 302) thus interrupting the 
impedance matching and causing a signal to be reflected 
back into the cable modem 300. 

FIG. 13(c) illustrates a single-ended shorting embodiment 60 
of the reflective mixer 305. This embodiment comprises 
connector 902 which is coupled to the cable modem 300. 
Note that in this embodiment there is no connector for test 
equipment. Connector 902 is coupled to one end of switch 
SW3 via line 1304, resistor R^3 is connected between line 65 
1304 and ground, and switch SW3 is also connected 
between line 1304 and ground. The switch SW3 is con- 



trolled by reference pulse signal generator fREF through 
amplifier AMP6. When the switch SW3 is open any 
upstream signal from the modem 300 is terminated with a 
matching impedance via resistor R^g and no signal is 
reflected back. When switch SW3 is closed a direct short to 
ground is provided for the termination of the upstream signal 
thus interrupting the impedance matching and causing a 
signal to be reflected bade into the cable modem 300. 

FIG. 13(rf) Ulustrates a single-ended open embodiment of 
the reflective mixer 305. This embodiment comprises con- 
nector 902 which is coupled to the cable modem 300. Note 
that in this embodiment there is no connector for test 
equipment. Connector 902 is coupled to one end of switch 
SW4. Resistor R^^ is connected between the other end of 
switch SW4 and ground. The switch SW4 is controlled by 
reference pulse signal generator f^^ through amplifier 
AMP7. When the switch SW3 is closed any upstream signal 
from the modem 300 is terminated with a matching imped- 
ance via resistor R^4 and no signal is reflected back. When 
switch SW3 is open, the upstream signal firom the cable 
modem 300 is open circuited thus providing for the genera- 
tion of a reflected signal because of the infinite impedance 
of the Line termination. 

FIGS. 14{a)-(d) illustrate, in schematic diagram form, 
other embodiments of the reflective mixer 900 of FIG. 9. 
FIG. 14(a) illustrates a schematic diagram of a first alternate 
embodiment of the reflective mixer 900. This embodiment 
comprises connectors 902 and 904 which are coupled to the 
cable modem 300 and test equipment 302 respectively, and 
also comprises capacitors C5 and C6, resistor R4, diode Dl, 
and current source IjtEF- Capacitor C5 is coupled between 
connector 902 and node 1401, and diode Dl is coupled 
between node 1401 and ground. Capacitor C6 is coupled 
between connector 904 and node 1401, and node 1401 is 
also coupled to ground through resistor R4 and current 
source I^^^^. The current source I^^ is a square wave or 
pulse current source. When the diode Dl is reverse biased it 
acts as a small capacitance, and for practical purposes, as an 
open circuit. When there is current flowing through the 
diode Dl, it acts as a small resistor. Therefore, when the 
current source is not pulling current (it is low) through 
R4, then no current is flowing through Dl, and Dl is reverse 
biased. Thus, when is low, any upstream signal from the 
modem 300 is terminated by the matched impedance of the 
test equipment via connector 904, and no reflected signal is 
generated. When Ij^rp^ is high, current is pulled through 
diode Dl, and the matched impedance is interrupted thereby 
generating a reflected signal back into the cable modem 300. 

FIG, 14(fc) illustrates a schematic diagram of a second 
alternate embodiment of the reflective mixer 900, This 
embodiment comprises connectors 902 and 904 which are 
coupled to the cable modem 300 and test equipment 302 
respectively, and also comprises capacitors C7 and C8, 
resistor R5, FET transistor T2, and reference pulse signal 
generator f^^ Capacitor C7 is coupled between connector 
902 and node 1402 which is coupled to the source of 
transistor T2. The drain of transistor T2 is coupled to ground. 
Resistor R5 is coupled between node 1402 and ground, and 
capacitor C8 is connected between connector 904 and node 
1402. The gate of transistor T2 is coupled to the output of 
^REF' When f^jr is high, the transistor T2 is turned on 
thereby providing a short circuit path for any upstream 
signal from the modem 300, and in turn generating a 
reflected signal back into the modem 300. When fj^/r is low, 
the transistor T2 is oS", and since resistor R5»Zcf, the 
impedance is essentially matched via the connector 904 and 
the test equdpment 302 whose impedance is on the order of 
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50 or 75 ohms as described earlier. Thus, when fj^^ is low 
the upstream signal from the modem 300 is terminated with 
no reflections generated, 

FIG. 14(c) illustrates a schematic diagram of a third 
alternate embodiment of the reflective mixer 900. This 5 
embodiment comprises connectors 902 and 904 which are 
coupled to the cable modem 300 and test equipment 302 
respectively, and also comprises capacitors C9 and CIO, 
resistors R6 and R7, FET transistor T3, and reference pulse 
signal generator f^^^. Capacitor C9 is coupled between 
connector 902 and node 1403 which is coupled to the source 
of transistor T3. Resistor R6 is coupled between node 1403 
and ground. Capacitor CIO is coupled between connector 
904 and node 1404 which is coupled to the drain of transistor 
T3. Resistor R7 is coupled between node 1404 and ground. 
The gale of transistor T3 is coupled to the output of f^^. 
When fji^jr is high, the transistor T2 is turned on thereby 
providing a number of paths to ground for any upstream 
signal from the modem 300, and in turn generating a 
reflected signal back into the modem 300. When fj^^j, is low, 
the transistor T3 is off, and since resistor R6=Z<5, the 
impedance is essentially matched via R6. Thus, when f^/? 
is low the upstream signal from the modem 300 is termi- 
nated with no reflections generated. 

FIG. 14(cO illustrates a schematic diagram of a fourth 
alternate embodiment of the reflective mixer 900, This 
embodiment comprises connectors 902 and 904 which are 
coupled to the cable modem 300 and test equipment 302 
respectively, and also comprises capacitors Cll and C12, 
resistors R8 and R9, FET transistor T4, and reference pulse 
signal generator f^^ Capacitor Cll is coupled between 
connector 902 and node 1405 which is coupled to the source 
of transistor T4. Resistor R8 is coupled between node 1405 
and ground. Capacitor C12 is coupled between connector 
904 and node 1406 which is coupled to the drain of transistor 
T4. Resistor R9 is coupled between node 1406 and ground. 
The gate of transistor T4 is coupled to the output of f^j^. 
When f^^ is high, the transistor T2 is turned on thereby 
providing a number of paths to ground for any upstream 
signal from the modem 300. However, since R8=R9»Zci, 
and the impedance of the test equipment 302 is 
approximately«Zo, then most of the upstream signal is 
terminated through the test equipment 302, and essentially 
no reflected signal is generated. When f^^ is low, the 
transistor T3 is off, and since resistor R8»Zo, the imped- 
ance is not matched thereby generating a reflected signal 
back into the modem 300. 

Although illustrative embodiments of the invention have 
been described in detail herein with reference to the accom- 
panying drawings, it is to be understood that the invention 
is not limited to those precise embodiments. They are not 
intended to be exhaustive or to hmit the invention to the 
precise forms disclosed. As such, many modificatioos and 
variations wifl be apparent to practitioners skilled in this art. 
Accordingly, it is intended that the scope of the invention be 
defined by the following claims and their equivalents. 

What is claimed is: 

1. A method of performing an pperability test on a 
communications system device, the inelhod comprising the 
steps of: ^0 

providing a set of output test data; 

generating an output signal with the communications 
system device in response to the set of output test data; 

providing the output signal as an input signal to a reflec- 
tive mixer; 65 

generating a reflected signal with the reflective mixer in 
response to the output signal; 
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wherein the reflected signal comprises a set of infor- 
mation signals, each of which comprises a signal that 
is essentially the same as the output signal; and 

wherein each information signal is centered about 
frequency that is essentially equal to a harmonic of 
a sample frequency plus or minus the center fre- 
quency of the output signal; and 
providing the reflected signal as a second input signal to 

the communications system device. 

2. The method of claim 1, further comprising: 
generating a plurality of sets of input test data in response 

to the second input signal, wherein each of the sets of 
input test data corresponds to a particular information 
signal; and 

comparing at least one said of input test data with the set 
of output test data. 

3. The method of claim 2, further comprising comparing 
at least one set of input test data to at least one other set of 
input test data, 

4. The method of claim 3, further comprising providing an 
indication of whether the communications system device 
passed or failed the operabiUly test. 

5. The method of claim 3, wherein a machine executing 
a program of instructions tangibly embodied in a program 
storage device readable by the machine performs the steps 
of: 

comparing the at least one said of input test data with the 

set of output test data; 
comparing the at least one set of input test data to at least 

one other set of input lest data; and 
providing the indication of whether the communications 

system device passed or failed the operability test. 

6. The method of claim 5, wherein the machine further 
performs the steps of: 

generating a plurality of sets of input test data in response 
to the second input signal, wherein each of the sets of 
input test data corresponds to a particular information 
signal; and 

comparing at least one said of input test data with the set 
of output test data. 

7. The method of claim 6, wherein the machine further 
performs the step of comparing at least one set of input test 
data to at least one other set of input test data. 

8. The method of claim 7, wherein the machine further 
performs the step of providing an indication of whether the 
communications system device passed or failed the oper- 
abihty test. 

9. A method of performing an operabUity test on a cable 
modem wherein the cable modem comprises a modulator, a 
demodulator, and a tuner, the method comprising: 

providing a set of output test data; 

generating a modulated output signal with the modulator 

in response to the set of output test data; 
providing the modulated output signal as an input signal 

to a reflective mixer; 
generating a reflective signal with the reflective mixer in 

response to the output signal; 

wherein the reflected signal comprises a set of infor- 
mation signals each of which comprise a signal that 
is essentially the same as the output signal; and 

wherein each information signal is centered about a 
frequency that is essentially equal to a harmonic of 
a sample frequency plus or minus the center fre- 
quency of the output signal; 
providing the reflected signal as a second input signal to 

the demodulator; 
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demodulator in the second input signal with the demodu- 
lator to generate at least one set of input test data; 
comparing at least one set of input test data with the set 
up output test data; and 

providing an indication of whether the cable modem 5 
passed or failed the operability test. 

10. The method of claim 9, further comprising: 
generating a plurality of sets of input test data in response 

to the second input signal, wherein each of the sets of 
input test data corresponds to a particular information 
signal; and 

comparing at least one set of input test data with the set 
of output test data. 

11. The method of claim 10, further comprising compar- 
ing at least one set of input test data to at least one other set 
of input test data. 

12. The method of claim 11, further comprising providing 
an indication of whether the communications system device 
passed or failed the operabiUty test. 

13. The method of claim 12, wherein a machine executing 
a program of instructions tangibly embodied in a program 
storage device readable by the machine performs the steps 
of: 

comparing at least one set of input test data with the set 

of output test data; 
comparing at least one set of input test data to at least one 

other set of input test data; and 
providing the indication of whether the communications 

system device passed or failed the operability test. 30 

14. The method of claim 13, wherein generating the 
plurality of sets of input test data in response to the second 
input signal is performed by the demodulator in response to 
command signals generated by the machine executing the 
program of instructions. 
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15. The method of claim 14, wherein providing the set of 
output test data is performed by the modulator in response 
to command signals generated by the machine executing the 
program of instructions. 

16. An apparatus for performing an operability test on a 
communications system device, the apparatus comprising: 

means for providing a set of output test data; 

means for generating an output signal with the commu- 
nications system device in response to the set of output 
test data; 

means for generating a reflected signal in response to the 
output signal; 

wherein the reflected signal comprises a set of infor- 
mation signals each of which comprises a signal that 
is essentially the same as the output signal; and 

wherein each information signal is centered about a 
frequency that is essentially equal to a harmonic of 
a sample frequency plus or minus the center fre- 
quency of the output signal; and 
means for providing the reflected signal as a second input 

signal to the communications system device. 

17. The apparatus of claim 16, further comprising: 
means for generating a plurality of sets of input test data 

in response to the second input signal, wherein each of 
the sets of input test data corresponds to a particular 
information signal; and 
means for comparing at least one set of input test data 
with the set of output test data. 

18. The apparatus of claim 17, further comprising means 
for comparing at least one set of input test data to at least one 
other set of input test data. 
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